I. INTRODUCTION
There are several approaches to calculate the B → light meson transition form factors, such as the lattice QCD technique, the QCD light-cone sum rules (LCSRs) and the perturbative QCD (PQCD) approach. The PQCD calculation is more reliable when the involved energy scale is hard, i.e. in the large recoil regions; the lattice QCD results of the B → light meson transition form factors are available only for soft regions; while, the QCD LCSRs can involve both the hard and the soft contributions below m 2 b − 2m b χ (χ is a typical hadronic scale of roughly 500 MeV) and can be extrapolated to higher q 2 regions. Therefore, the results from the PQCD approach, the lattice QCD approach and the QCD LCSRs are complementary to each other, and by combining the results from these three methods, one may obtain a full understanding of the B → light meson transition form factors in its whole physical region. In Refs. [1, 2] , we have done a consistent analysis of the B → π transition form factor in the whole physical region. Similarly, one can obtain a deep understanding of the B → K transition form factor in the physical energy regions by combining the QCD LCSR results with the PQCD results and by properly taking the SU f (3) breaking effects into account.
The B → K transition form factors are defined as follows:
where the momentum transfer q = p B −p. If we confine ourselves to discuss the semi-leptonic decays B → Klν l , it is found that the form factors F B→K − (q 2 ) is irrelevant for light leptons (l = e, µ) and only F B→K + (q 2 ) matters, i.e.
where λ(q 2 ) = (M
K is the usual phase-space factor. So in the following, we shall concentrate our attention on F B→K + (q 2 ).
The B → K transition form factor has been analyzed by several groups under the QCD LCSR approach [3, 4, 5] , where some extra treatments to the correlation function either from the B-meson side or from the kaonic side are adopted to improve their LCSR estimations. It is found that the main uncertainties in estimation of the B → K transition form factor come from the different twist structures of the kaon wave functions. It has been found that by choosing proper chiral currents in the LCSR approach, the contributions from the pseudoscalars' twist-3 structures to the form factor can be eliminated [6, 7] . In the present paper, we calculate the B → K form factor with chiral current in the LCSR approach to eliminate the most uncertain twist-3 light-cone functions' contributions. And more accurately, we calculate the O(α s ) corrections to the kaonic twist-2 terms. The SU f (3)-breaking effects from the twist-2 and twist-4 kaon wave functions shall also be discussed.
In Ref [8] , we have calculated the B → K transition form factor up to O(1/m 2 b ) in the large recoil region within the PQCD approach [8] , where the B-meson wave functions Ψ B andΨ B that include the three-Fock states' contributions are adopted and the transverse momentum dependence for both the hard scattering part and the non-perturbative wave function, the Sudakov effects and the threshold effects are included to regulate the endpoint singularity and to derive a more reliable PQCD result. Further more, the contributions from different twist structures of the kaon wave function, including its SU f (3)-breaking effects, are discussed. So we shall adopt the PQCD results of Ref. [8] to do our discussion, i.e. to
give a consistent analysis of the B → K transition form factor in the large and intermediate energy regions with the help of the LCSR and the PQCD results.
The paper is organized as follows. In Sec.II, we present the results for the B → K transition form factor within the QCD LCSR approach. In Sec.III, we discuss the kaonic DAs with SU f (3) breaking effect being considered. Especially, we construct a model for the kaonic twist-2 wave function based on the two Gegenbauer moments a The sum rule for F B→K + (q 2 ) by including the perturbative O(α s ) corrections to the kaonic twist-2 terms can be schematically written as [3, 7, 9] 
The calculated procedure is the same as that of B → π form factor that has been done in Refs. [6, 7, 9, 10] . So for simplicity, we only list the main results for B → K and highlight the parts that are different from the case of B → π, and the interesting reader may turn to
Refs. [7, 9] for more detailed calculation technology.
As for ρ LC T 2 (s, q 2 ), it can be further written as
where
, u, µ is the renormalized hard scattering amplitude, m * b stands for the b-quark pole mass [9] . Defining the dimensionless variables
for the case of r 1 < 1 and r 2 > 1. As for the coefficients of δ(1 − ρ), the higher power
2 ) have been neglected due to its smallness. The dilogarithm function Li 2 (x) = − x 0 dt t ln(1 − t) and the operation " + " is defined by
In the calculation, both the ultraviolet and the collinear divergences are regularized by dimensional regularization and are renormalized in the MS scheme with the totally anticommuting γ 5 . And similar to Ref. [3] , to calculate the renormalized hard scattering ampli-
, u, µ , the current mass effects of s-quark are not considered due to their smallness. By setting M K → 0, it returns to the case of B → π and it can be found that the coefficients of θ(ρ − 1) and θ(1 − ρ) agree with those of Refs. [7, 9] , while the coefficients of δ(1 − ρ) confirm that of Ref. [9] and differ from that of Ref. [7] . The present results can be checked with the help of the kernel of the Brodsky-Lepage evolution equation [11] , since the µ-dependences of the hard scattering amplitude and of the wave function should be compensate to each other.
As for the sub-leading twist-4 contribution ρ LC T 4 (q 2 ), we calculate it only in the zeroth order in α s , i.e.
where ϕ ⊥ (α i ), ϕ ⊥ (α i ), ϕ (α i ) and ϕ (α i ) are three-particle twist-4 DAs respectively, and g 1 (u) and g 2 (u) are two-particle twist-4 wave functions. Here,
and s 0 denotes the subtraction of the continuum from the spectral integral. By setting M K → 0 (the lower integration range of u should be changed
s 0 −q 2 for the case), we return to the results of B → π [7] .
III. THE DISTRIBUTION AMPLITUDES OF KAON
A. twist-2 DA moments
Generally, the leading twist-2 DA φ K can be expanded as Gegenbauer polynomials:
In the literature, only a K 1 (µ 0 ) is determined with more confidence level and the higher Gegenbauer moments are still with large uncertainty and are determined with large errors.
Alterative determinations of Gegenbauer moments rely on the analysis of experimental data.
The first Gegenbauer moment a K 1 has been studied by the light-front quark model [12] , the LCSR approach [13, 14, 15, 16, 17] and the lattice calculation [18, 19] and etc. In
Ref. [14] , the QCD sum rule for the diagonal correlation function of local and nonlocal axial-vector currents is used, in which the contributions of condensates up to dimension six and the O(α s )-corrections to the quark-condensate term are taken into account. The moments derived there are close to that of the lattice calculation [18, 19] , so we shall take
with the help of the QCD evolution. The higher Gegenbauer moments, such as a K 2 , are still determined with large uncertainty and are determined with large errors [3, 13, 14, 15, 20, 21] . For example, Ref. [21] shows that the value of a K 2 is very close to the asymptotic distribution amplitude, i.e. |a K 2 (1GeV )| ≤ 0.04; while Refs. [14, 15, 20] gives larger values for a
+0.37
−0.12 [14] and a K 2 (2GeV ) = 0.175 ± 0.065 [20] . It should be noted that the value of a K 2 affects not only the twist-2 structure's contribution but also the twist-4 structures' contributions, since the SU f (3)-breaking twist-4 DAs also depend on a K 2 due to the correlations among the twist-2 and twist-4 DAs as will be shown in the next subsection.
Since the value of a K 2 can not be definitely known, we take its center value to be a smaller one, i.e. a K 2 (1GeV ) = 0.115, for easily comparing with the results of Ref. [3] . Further more, to study the uncertainties caused by the second Gegenbauer moment a 
B. Models for the twist-2 and twist-4 DAs
Before doing the numerical calculation, we need to know the detail forms for the kaon twist-2 DA and the twist-4 DAs.
As for the twist-2 DA, we do not adopt the Gegenbauer expansion (9), since its higher Gegenbauer moments are still determined with large errors whose contributions may not be too small, i.e. their contributions are comparable to that of the higher twist structures. For example, by taking a typical value a K 4 (1GeV ) = −0.015 [3] , our numerical calculation shows that its absolute contributions to the form factor is around 1% in the whole allowable energy region, which is comparable to the twist-4 structures' contributions. Recently, a reasonable phenomenological model for the kaon wave function has been suggested in Ref. [8] , which is determined by its first Gegenbauer moment a In the following, we construct a kaon twist-2 wave function following the same arguments as that of Ref. [8] but with slight change to include the second Gegenbauer moment a
where q = u, d, C 3/2 1,2 (1 − 2x) are the Gegenbauer polynomial. The constitute quark masses are set to be: m q = 0.30GeV and m s = 0.45GeV. The four parameters A K , B K , C K and β K can be determined by the first two Gegenbauer moments a [22] and the normalization condition . It can be found that the SU f (3) symmetry is broken by a non-zero B K and by the mass difference between the s quark and u (or d) quark in the exponential factor. The SU f (3) symmetry breaking effect of the leading twist kaon distribution amplitude has been studied in Refs. [14, 23] and refer-ences therein. The SU f (3) symmetry breaking in the lepton decays of heavy pseudoscalar mesons and in the semileptonic decays of mesons have been studied in Ref. [24] . After doing the integration over the transverse momentum dependence, we obtain the twist-2 kaon DA,
where µ 0 = µ b for the present case. Then, the Gegenbauer moments a K n (µ 0 ) can be defined as
) is adopted to compare the moments with those defined in the literature, e.g. [13, 14, 15] , since in these references x stands for the momentum fraction of s-quark in the kaon (K), while in the present paper we take x as the momentum fraction of the light q-(anti)quark in the kaon (K).
The twist-3 contribution is eliminated by taking proper chiral currents under the LCSR approach, so we only need to calculate the subleading twist-4 contributions. The needed four three-particle twist-4 DAs that are defined in Ref. [25] can be expressed as [26] 
, we adopt the results that only include the dominant meson-mass corrections. The less important meson-mass correction terms are not taken into consideration.
and is quite small, then we return to the results of Ref. [25] . For the remaining two-particle twist-4 wave functions, their contributions are quite small in comparison to the leading twist contribution and even to compare with those of the three-particle twist-4 wave functions. And by taking the leading meson-mass effect into consideration only, they can be related to the three-particle twist-4 wave functions through the following way:
and
which lead to
[−5ūu(9h 00 + 3h 01 − 6h 10 + 4ūh 01 u + 10ūh 10 u) + a 10 (6 +ūu(9 + 80ūu))] + a 10ū 3 (10 − 15ū + 6ū 2 ) lnū + a 10 u 3 (10 − 15u + 6u 2 ) ln u,
Similarly, it can be found that when setting a K 2 → 0, the above expressions of g 1 (u) and g 2 (u) return to those of Ref. [25] . Here by adopting the relations
, one can conveniently obtain the higher mass-correction terms for g 1 (u) and g 2 (u) on the basis of g K (u) and A(u) derived in Refs. [13, 26] , and numerically, it can be found that these terms' contributions are indeed small.
IV. NUMERICAL RESULTS

A. basic input
In the numerical calculations, we use The reasonable range for the Borel parameter M 2 is determined by the requirement that the contributions of twist-4 wave functions do not exceed 10% and those of the continuum states are not too large, i.e. less than 30% of the total dispersive integration. At a typical Fig.(1 to do our following discussions.
B. uncertainties for the LCSR results
In the following we discuss the main uncertainties caused by the present LCSR approach with the chiral current.
The present adopted chiral current approach has a striking advantage that the twist-3 light-cone functions which are not known as well as the twist-2 light-cone functions are eliminated, and then it is supposed to provide results with less uncertainties. In fact, it has been pointed out that the twist-3 contributions can contribute ∼ 30 − 40% to the total contribution [28] by using the standard weak current in the correlator, e.g.
If the twist-3 wave functions are not known well, then the uncertainties shall be large 2 .
So in the literature, two ways are adopted to improve the QCD sum rule estimation on the twist-3 contribution: one is to calculate the above correlator by including one-loop radiative corrections to the twist-3 contribution together with the updated twist-3 wave functions [3] ; the other is to introduce proper chiral current into the correlator, cf. Eq.(4), so as to eliminate the twist-3 contribution exactly, which is what we have adopted. We shall make a comparison of these two approaches in the following. For such purpose, we adopt the following form for the QCD sum rule of Ref. [3] , which splits the form factor into contributions from different Gegenbauer moments:
where f as contains the contributions to the form factor from the asymptotic DA and all higher-twist effects from three-particle quark-quark-gluon matrix elements, f
tains the contribution from the higher Gegenbauer term of DA that is proportional to a and Table IX of Ref. [3] . And in doing the comparison, we shall take the same DA moments for both methods, especially the value of a combined effects of a 115GeV . Under such case, the value of s 0 , the LO and NLO vales of f B should be varied accordingly and be determined by using the two-point sum rule with the chiral currents, e.g. to calculate the following two-point correlator:
The sum rule for f B up to NLO can be obtained from Ref. [30] through a proper combination of the scalar and pseudo-scalar results shown there 3 , which can be schematically written as
where the spectral density ρ tot (s) can be read from Ref. [30] . The Borel parameter M 2 and the continuum threshold s 0 are determined such that the resulting form factor does not depend too much on the precise values of these parameters; in addition, 1) the continuum contribution, that is the part of the dispersive integral from s 0 to ∞, should not be too large, e.g. less than 30% of the total dispersive integral; 2) the contributions from the dimensionsix condensate terms shall not exceed 15% for f B . Further more, we adopt an extra criteria as suggested in Ref. [3] , the uncertainties can be reduced to ∼ 3% at q 2 = 0 and ∼ 5% at q 2 = 14GeV 2 .
Secondly, we discuss the uncertainties of F , which is calculated with the correlator (19) and includes one-loop radiative corrections to twist-2 and twist-3 contributions together with the updated twist-3 wave functions. In another words these two approaches are equivalent to each other in some sense, while the chiral current approach is simpler due to the elimination of the more or less uncertain twist-3 contributions. For higher energy region q 2 > 15GeV 2 , the LCSR approach is no longer reliable. Therefore the lattice calculations, would be extremely useful to derive a more reliable estimation on the high energy behaviors of the form factors. Ψ B andΨ B that include the three-Fock states' contributions are adopted and the transverse momentum dependence for both the hard scattering part and the non-perturbative wave function, the Sudakov effects and the threshold effects are included to regulate the endpoint singularity and to derive a more reliable PQCD result. Further more, the uncertainties for the PQCD calculation of the B → K transition form factor has been carefully studied in
Ref. [8] . So we shall adopt the PQCD results of Ref. [8] to do our discussion. Only we need to change the twist-2 kaon wave function Ψ K used there to the present one as shown in Eq.(10).
We show the LCSR results together with the PQCD results in Fig.(7) . In drawing the figure, we take a 
V. SUMMARY
In the paper, we have calculated the B → K transition form factor by using the chiral current approach under the LCSR framework, where the SU f (3) breaking effects have been considered and the twist-2 contribution is calculated up to next-to-leading order. It is found that our present LCSR results are consistent with those of Ref. [3] within large energy region
, which is calculated with the conventional correlator (19) and includes oneloop radiative corrections to twist-2 and twist-3 contributions together with the updated twist-3 wave functions. And our present adopted LCSR approach with the chiral current is simpler due to the elimination of the more or less uncertain twist-3 contributions.
The uncertainties of the LCSR approach have been discussed, especially we have found that the second Gegenbauer moment a behaviors in even higher momentum transfer regions, e.g. q 2 > 15GeV 2 . So, we suggest such a lattice calculation can be helpful. Then by comparing the results of these three approaches, the B → K transition form factor can be determined in the whole kinematic regions.
